Background: Considering the lack of evidence on incidence and continuity of sleep problems from adolescence to young adulthood, this study explores sleep problems' incidence and their continuation rates from 14 to 21 years. Methods: Sleep data from the 14-year (n = 4,924) and 21-year (n = 3660) follow-up of the Mater-University of Queensland Study of Pregnancy cohort were used. Sociodemographic, lifestyle, and psychological conditions were explored for their role in sleep problems. Modified Poisson regression with a robust error variance was used to identify predictors. Inverse probability weights were used to account for attrition. Results: Of all subjects, 26.0% of the subjects at 14 years and 28.3% of the subjects at 21 years reported "often" sleep problems, with 41.7% of adolescent sleep problems persisting at 21 years. Perinatal and early-life maternal factors, for example, drug abuse (incidence rate ratio (IRR), 1.32; 95% confidence interval [CI], 1.02-1.71), smoking, depression, and anxiety, were significant predictors of adolescent sleep problems. Female sex (IRR, 2.13; 95% CI, 1.55-2.94), advanced pubertal stages, and smoking were the important predictors of sleep problems at 21 years. Adolescent depression/anxiety supported the continuity of sleep problems (IRR, 1.21; 95% CI, 1.05-1.40), whereas exercise was seen to exert a protective effect. Conclusion: This study indicates high rates of sleep problems in young subjects, with around half of sleep problems originating in adolescence persisting in young adulthood. Therefore, early interventions are needed to manage sleep problems in young subjects and prevent further progression to other life stages. Future studies should explore if sleep problems in young adults also persist in later life stages and identify the factors supporting the continuity of sleep problems.
Introduction
Sleep problems in adolescents have multifactorial outcomes, as these are not only linked with concurrent behavioral and mood problems but also associated with subsequent cardiovascular and cognitive issues 1, 2 and high persistence rates. 3 Therefore, detection and management of sleep problems in adolescence present an opportunity to reduce their further temporal propagation and decrease the risk for associated health issues.
Unfortunately, unlike children or older populations, prospective assessment of sleep problem incidence and persistence is considerably unexplored from adolescence to young adulthood. 4, 5 Because the sleep behavior and patterns for this group are different from sleep behavior in other age groups, the results from children and older population should not be extrapolated to estimate sleep problems in young subjects. 6 Rather, evidence from the appropriate age group is needed to help in designing effective prevention and treatment strategies. Among the risk factors for sleep problems, depression is a wellestablished factor, with many studies of a bidirectional association between depression and sleep problems. 7 Depressed patients are seen to exhibit alterations in sleep architecture and commonly complain of insomnia, and people with sleep problems experience elevated symptoms of affective disorders. 8 Therefore, further evidence from longitudinal studies is needed to ascertain the direction of depression-sleep problems association. Many studies also highlight the role of socioeconomic status as a major risk factor for sleep problems, as people with lower socioeconomic status have higher rates of self-reported sleep problems and poorer subjective sleep quality. 9 Along with the traditional factors, excessive electronic media exposure is also emerging as another significant risk factor associated with poor sleep in the young population. 10 Excessive electronic media exposure in children and adolescents is found to be strongly associated with later bedtime and shorter sleep duration, increasing the risk of developing sleep disturbances 10. However, there is little information on whether perinatal and early-life factors affect sleep problems in adolescents and young adults. Although few studies have explored the factors supporting the continuity of sleep problems from adolescence to young adulthood, 13 they fail to provide conclusive evidence of the role of significant predictors, for example, sex. 14, 15 It is also known that factors that predict sleep problems can be different from the factors that support the continuity of sleep problems. 11 Therefore, only knowing about the predictors associated with sleep problem incidence will not be enough for sleep problem interventions, and these will require information on behaviors or risk factors that support the continuity of sleep problems as well. This exploratory study, therefore, aims to examine the incidence and continuity of sleep problems from early adolescence (14 years) to young adulthood (21 years). Based on the evidence from the existing literature and postulations of the developmental origins of health and diseases approach, 16 potential psychosociodemographic and lifestyle risk factors will be probed for their impact on incidence and continuity of sleep problems from adolescence to young adulthood.
Participants and methods
This study is based on the sleep problems data from the MaterUniversity of Queensland Study of Pregnancy (MUSP) cohort obtained from the 14-and 21-year follow-up. Data were obtained from the 7223 mothers and their offspring who participated between 1981 and 1984. 12 These mothers and their offspring have been followed up prospectively, with assessments done when the offspring were 6 months and 5, 14, and 21 years of age. Written informed consent from the mothers was obtained at all data collection phases and from the young adults at the 21-year follow-up of the study. Ethics committees at the Mater Hospital and the University of Queensland approved each phase of the study. Full details of the study participants and measurements have been previously reported. 12 Detailed information on each follow-up and the information collected is provided in the supplementary information (S-1).
Sleep problem assessment
At 14 and 21 years, the offspring completed the 4 sleep items from the Youth Self-Report (YSR) 13 and Young Adult Self-Report (YASR), 14 respectively. For both time points, the common questions related to sleep problems in the past 6 months were as follows:
• nightmares • sleep more than others during the day and/or night • trouble sleeping • feeling overtired
At age 14 and 21 years, the questionnaire also had 1 additional item: "sleeps less than others" and "restless sleep," respectively. Each question was rated as often (score = 2), sometimes (score = 1), or rarely/never (score = 0). We developed a composite sleep scale using sleep items that were present in YSR and YASR. Although the composite score had low internal consistency for both 14-year (Cronbach α = .48) and 21-year data (Cronbach α = .66), nonetheless, using such a composite score is justifiable given that this approach has been used in prior research and a composite score taps multiple aspects related to sleep problems. 15 The criteria to categorize sleep problems from the composite sleep problem score were done using an approach used in a previous study which reported data from the Diagnostic Interview for Children and Adolescents. 16 If the study subject reported "often" on any of the sleep problems items or "sometimes" on all items, it was considered as "often" occurring sleep problem. A report of "sometimes" on 2 to 4 items was considered as "sometimes" occurring sleep problems. In all other cases, sleep problems were considered as "absent."
We did not have information on the similar sleep items at 5-and 14-year follow-up; therefore, we could not explore sleep problem persistence and remission from 5 to 14 years.
Predictors of sleep problem incidence and continuity
The following variables from different life stages were explored for their role in sleep problem incidence and persistence in adolescence and young adulthood.
Perinatal variables: maternal age at first clinical visit ("13-19 years," "20-35 years," "N35 years"), maternal anxiety depression during the last trimester of pregnancy assessed with the Delusions-Symptoms-States Inventory 17 (mothers were classified as anxious/depressed if they reported 4 or more of 7 symptoms related to depression), maternal smoking during the last trimester of pregnancy (none, 1-9 cigarettes per day, or 10 or more cigarettes per day), maternal drinking during the last trimester of pregnancy ("abstainer," "light drinker," "moderate drinker," "heavy drinker"). Birth and early-life familial and individual variables: sex, race ("white," "Asian," and "Aboriginal-Islander"), overactivity at 6 months ("almost every day," "few times a week," "few times a month," and "rarely/never"), duration of breastfeeding recorded at 6-month follow-up ("never," "b4 months," and "⩾4 months"), maternal satisfaction with life ("very satisfied," "satisfied," "dissatisfied"), maternal postnatal anxiety ("nonanxious," anxious"), and depression ("not depressed," "depressed") assessed with the Delusions-Symptoms-States Inventory. 17 Childhood familial and individual variables: family income at childhood (≥$15,600/annum, ≤$15,599/annum, selecting the 25th percentile as the cutoff below which family income was defined as low), health at age 5 years ("excellent/good," "fair," "poor"), hyperactivity at childhood ("often," "sometimes," "never"), "maternal satisfaction with life ("very satisfied," "satisfied," "dissatisfied"). Adolescence familial and individual variables: total family income at adolescence (≥$20,800/annum, ≤$20,799/annum), adolescent health ("excellent/good," "fair," "poor"), adolescent smoking ("no," "yes"), alcohol consumed in adolescence ("rarely-never," "sometimes-often"), adolescent TV hours ("b1 h/d,"
, body mass index (BMI) category ("normal," overweight," "obese"), 18 pubertal development using
Tanner drawings ("one and two," "three," "four," and "five"), 19 adolescent anxiety-depression problems (top 10%) assessed by using the anxiety-depression subscales from YSR. 20 
Statistical analysis
Categorical variables were examined using the χ 2 test. An inverse probability weighted Poisson regression with a robust error variance was then fitted to the data 21 using a log-link function and a binary response outcome variable for "often" sleep problems to identify predictors of "often" sleep problems. Backward selection was used to guide the predictor selection, which started with fitting the model with all the variables of interest and then dropping the least significant variable, so long as it is not significant at the chosen significance level. Successive refitting of reduced models was continued, applying the same rule until all remaining variables were statistically significant. As we had significant losses to complete follow-up at 14 and 21 years, we accounted for this at each follow-up period by running an appropriately weighted regression. 22 We did this by first computing the propensity (probability) to remain in the study separately for each time period by regressing (using logistic regression) an indicator variable on the baseline explanatory variables. The fitted model gave a predicted probability for follow-up with participant characteristics (ie, values on the explanatory variables). Each participant at the scheduled follow-up was then given weight equal to 1/p, where p is the fitted probability of participating from the logistic regression. The weighted analysis was reported, although it was not substantially different from the unweighted analysis. Measures that predicted nonmissing at 14 and 21 years included race, sex, maternal age at childbirth, maternal education, maternal anxiety during last trimester of pregnancy, maternal smoking and drinking habits, adolescent depression/anxiety, and adolescent smoking and drinking. All analyses were done using Stata version 13, College Station, TX. Significance levels were b.05 unless otherwise stated.
Results
At adolescence, sleep problem information was available for a total of 4924 (51% male) study participants, with mean age 13.9 years (SD ±0.31), mostly belonging to the white race (91%). Meanwhile, at 21-year follow-up, sleep problem information was available for a total of 3660 subjects (47% male) with mean age 20.6 years (SD ± 0.86) and the majority belonging to the white race (92%). There were 3295 (47% males) participants with complete information on sleep problems available at both ages.
The results of χ 2 test indicate a significant sex difference in the incidence of sleep problems (Table 1) . Female subjects had a similar incidence of "often" sleep problems to male subjects at adolescence (~26%) but a greater incidence in young adulthood (35% vs 21%). Around a quarter of the subjects at both 14 and 21 years reported having sleep problems "often." Just under half (42%) of these "often" sleep problems present at 14 years persisted to 21 years. Females also had a greater persistence of "often" sleep problems (half persisted) compared with males (a third persisted) ( Table 2 ). At 14 years of age, perinatal and early-life maternal factors, for example, drug abuse in late pregnancy (incidence rate ratio (IRR), 1.32), smoking (IRR, 1.20), depression (IRR, 1.23), anxiety (IRR, 1.18), and maternal dissatisfaction with life (IRR, 1.23) were strong predictors of offspring sleep problems. Female sex was also independently predictive once other variables were accounted for in the model (IRR, 1.15; model 1; Table 3 ).
At 21 years of age, Aboriginal-Islander racial background (IRR, 2.25) and female sex (IRR, 2.13) were the strongest predictor of "often" sleep problems. Whereas adolescent depression/anxiety had no significant role in predicting future sleep problems (IRR, 1.60), advanced Tanner stages (IRR, 1.56) and adolescent smoking (IRR, 1.62) predicted "often" sleep problems. Of all perinatal and early-life maternal factors, only maternal anxiety in pregnancy was shown to be associated with sleep problems at 21 years (model 2, Table 3 ).
When we looked at "persistence" vs "remitted" from 14 to 21 years regarding the "often" sleep problems, female sex (IRR, 1.24) and adolescent depression/anxiety were found to play important roles in supporting the continuity of sleep problems (IRR 1.21). Additionally, advanced Tanner stages and adolescent smoking also supported the persistence of sleep problems, whereas frequent exercising (3+ times per week) was seen to reduce the continuity of "often" sleep problems (IRR, 0.80; Table 4 ).
Discussion
The findings of this study demonstrate a high incidence of sleep problems in adolescents and young adults, with most of the "often" sleep problems persisting in young adulthood as well. We also demonstrate that perinatal and early-life maternal factors have a significant role in predicting sleep problems in adolescence but not in young adults. Rather, female sex and advanced pubertal stages are the important predictors of sleep problems in young adults, with baseline depression/anxiety supporting the continuity of sleep problems from adolescence to young adulthood. Additionally, evidence for the negative predictive role of exercise on sleep problems persistence suggests that conditions associated with an active lifestyle can decrease future incidence and progression of sleep problems in young subjects.
The results of this study concur with previous studies for the high incidence and continuity of sleep problems in young subjects. 5, 11 However, our results for sleep problem persistence rates are slightly lower than those of other studies (41.7% vs 52%). 5 This difference could be attributed to 2 facts: Firstly we used a sleep problem scale based on information about 4 items related to sleep problems, whereas other studies used only a single or 2 items to tap into sleep problems. Secondly, unlike our study, other studies relied on parental reports for adolescent sleep problems assessment, 5 which are found to be not as reliable as adolescent reports. 23 Although the existing literature has conflicting evidence for the sex difference in incidence and persistence of sleep problems in young subjects, 24, 25 we demonstrate a significant female predilection in both incidence and continuity of sleep problems in adolescents and young adults. Therefore, in future studies, sex-based assessment of sleep problems may help in exploring nuances in sleep problems trajectories that are otherwise undetected in the combined analysis. Unlike adolescents, the association between depression and sleep problems is well studied for the adult population, with many studies reporting a co-occurrence of affective disorders and sleep problems in clinical and the general population. 26 In line with a previous study on similar age group subjects, the findings from this study do not support the primacy of depression in predicting future sleep problems in young adults, 5 although baseline depression was found to support the continuation of sleep problems in future. Thus, it seems that baseline depression does not act as a precursor for future sleep problems per se; rather, it helps in maintaining the continuity of existing sleep problems. It may be possible that the significant association between depression and future sleep problems seen in some studies was due to the failure to exclude subjects with baseline sleep problems or not adjusting for risk factors common to both depression and sleep problems, for example, smoking. 27 Thus, the overall effect was merely a proxy for the continuation of baseline sleep problems or other risk factors and does not seem to be driven by depression itself. Physical activity has been shown to be associated with a reduction in the severity of various sleep problems in middle-aged and older subjects. 28 However, there is a lack of conclusive evidence for the role of exercise in sleep problems for young subjects. 29, 30 One of the reasons for inconsistent findings, as identified in a meta-analysis exploring the impact of exercise on sleep, 31 could be the failure to adjust for important mediating factors. However, in our study, the protective association with exercise remained significant despite concurrent consideration of BMI and other lifestyle variables. Therefore, early exercise intervention may provide an opportunity to manage and prevent further progression of sleep problems to other life stages.
Although the impact of perinatal factors such as maternal smoking, drinking, and depression/anxiety in pregnancy on emotional and behavioral issues in the offspring is well documented, 32 only a few studies have explored the impact of perinatal factors on sleep in offspring. 33 Results from animal models demonstrate that early experiences influence the diurnal development pattern, and perhaps the associated increased exposure to glucocorticoids leads to disruption of the onset of a normal diurnal pattern in the offspring. 34 Our results suggest that maternal lifestyle and depression also have a role in predicting sleep problems in the offspring and exhibit an enduring impact up to late adolescence. Therefore, intervention aiming to reduce maternal anxiety/depression and healthy lifestyle choices may help in reducing the associated factors that lead to sleep problems in offspring. Unlike other studies, the role of socioeconomic status on sleep problem was not much evident in our study 35 ; it could be possibly due to high attrition rate for subjects from low socioeconomic groups in the MUSP cohort. Nonetheless, the absence of difference between the weighted and unweighted results suggests that attrition is unlikely to have substantively biased our findings. Another major limitation of this study is the use of YSR and YASR for sleep problems assessment. Although these tools are inadequate for thoroughly assessing sleep issues and disorders, the sleep items on the YSR and YASR demonstrate considerable convergent validity for examining overall sleep functioning, 36 and some of the questions of these scales have good agreement with the objective assessment of sleep problems. 37 Using a composite sleep problems scale is an important strength of our study and makes our results more reliable than results obtained from using a single item to explore sleep problems. Our study contributes to the evidence base for the incidence and persistence of sleep problems by using information from self-report and considering the independence of predictors from different life stages to provide substantial evidence for sleep problems in young subjects.
Conclusion
A large number of young subjects in this study reported having sleep problems, with most of these sleep problems found to be persisting after 7 years. It seems that perinatal and early-life maternal factors have an important role in adolescence sleep problems, Table 2 Changes in "often" sleep problems from 14 to 21 years for male and female subjects
Sleep problems data at 14 y whereas female sex, advanced pubertal stages, and smoking predict sleep problems in young adults. Although depressive symptoms support continuity of sleep problems, they may not be the precursor for future sleep problems. The findings for the protective association with exercise indicate that promoting adolescent physical activity can be a potential intervention for sleep problems in young subjects presumably by altering direct risk factors favorably. Further longitudinal research is needed to examine the continuity of adolescence and young adulthood sleep problems in later life stages. 
